A full-length DNA copy of cymbidium ringspot virus RNA was cloned downstream of a phage T7 promoter.
In vitro transcripts had no extra nucleotides at the 3' terminus, and a 5' end likely to be precisely as in genomic RNA. Transcripts were infective when inoculated into test plants. Northern blots from inoculated plants revealed the presence of genomic and subgenomic RNAs, but not of satellite RNA. Virus particles isolated from infected plants had the same outward aspect and size as those of the wild-type virus and were decorated by an antiserum to CyRSV in immune electron microscopy tests.
Cymbidium ringspot virus (CyRSV) is a member of the tombusvirus group (Martelli et al., 1989) . The main features of expression of the genetic information (Burgyan et al., 1986; Russo et al., 1988) as well as its complete nucleotide sequence have been determined (Grieco et al., 1989a) . To obtain a better insight into the functions of viral genes, and the roles of specific sequences in encapsidation, replication and translation, full-length clones of the CyRSV genome were prepared. This paper reports that the full-length clones yielded infectious RNA transcripts with no extraviral nucleotides at the 5' and 3' ends.
CyRSV genomic RNA was obtained as described by Russo et al. (1988) . A procedure basically similar to that described by Ahlquist & Janda (1984) was used for cloning the 5' end region: first strand synthesis was primed with the oligonucleotide 5' GGTAGACCCTG-CCTTCA 3' complementary to nucleotides 104 to 120 of genomic RNA; hybrid RNA-DNA was melted at 100 °C for 1 min, and digested with ribonuclease A. Second strand synthesis was primed by the oligonucleotide 5' ATCGATAATACGACTCACTATAGGAAA-TCCTCCAGGACA Y, containing 17 bases homologous to the first 17 bases of genomic RNA, 17 bases constituting the T7 promoter consensus (Dunn & Studier, 1983) and five additional bases contributing to formation of a ClaI site. dsDNA was inserted in pUC18 digested with Sinai to produce the clone pCyR-T7. A fragment AccI-KpnI was eluted from a clone (pCyR-102), previously obtained , which was ligated to clone pCyR-T7 digested with the same enzymes to obtain clone pCyR-T7/102. This clone was extended by the addition of the fragment KpnI-BamH I from an available clone (pCyR-251), that had been produced by priming first strand synthesis with the oligonucleotide 5' CCTTCTCACAAACTGCT Y, complementary to nucleotides 1351 to 1367 in genomic RNA. Second strand synthesis was carried out in the presence of ribonuclease H and polymerase I according to Gubler & Hoffman (1983) . The clone thus obtained is pCyR-T7/B. A fragment BamHI-SmaI from clone pCyR-1 ) was ligated to BamHI-SmaI-digested clone pCyR-T7/B to make clone pCyR-T7/S. Finally, the 3' region was obtained by priming first strand synthesis with the oligonucleotide 5' GCATGCCCCTGCATTG-CTGCAA 3', which is complementary to 17 bases of CyRSV RNA and has five additional nucleotides, forming a restriction site SphI, which does not occur in the CyRSV sequence (Grieco et al., 1989a) . Digestion with SphI cut the DNA immediately after the last G of the genomic RNA. Second strand synthesis was done as before (Gubler & Hoffman, 1983) and cloning was in Sinai-digested pUC18. A fragment Smal-SphI was cut from one such clone (pCyR-SH) and ligated to pCyR-7/S to have full-length clone pCyR-G.
The cloning procedure is summarized in Fig. 1 (a) . The terminal sequences of pCyR-G (Fig. 1 b) were determined by sequencing clones pCyR-T7 and pCyR-SH by the chain termination method (Sanger et al., 1977) using modified T7 polymerase (Sequenase, US Biochemicals). Transcription was made to start with a G residue, although the 5' terminus of CyRSV RNA is not known (Grieco et al., 1989a) . The run-off transcripts were expected to have authentic 3' termini since they can be produced after linearization with SphI which cuts inserts precisely at the 3' end of genome. Plasmids were purified as described previously (Grieco et al., 1989b) and digested with SphI. Transcription with T7 RNA polymerase was done using a kit from Amersham, essentially as described by the supplier. Capped transcripts were obtained by adding to the reaction the cap analogue mTGpppG (Boehringer Mannheim) at 500 ~tM, and lowering GTP concentration to one-eighth the concentration of the other ribonucleotides. After 1 h incubation at 37 °C, transcripts were extracted wtih phenol and chloroform, precipitated with ethanol and dissolved in water or inoculated directly to test plants. RNA size and concentration were estimated from ethidium bromide-stained gels by visual comparison with positions and band intensities produced by known quantities of viral RNA. RNA synthesized in vitro from clone pCyR-G co-electrophoresed with CyRSV genomic RNA (data not shown). Approximately 2 gg RNA was obtained from 1 pg linearized plasmid.
Messenger activity of transcripts was tested in rabbit reticulocyte lysates as previously described (Burgyan et al., 1986) , except that the labelled amino acid was [3H]-leucine (Amersham; 135 Ci/mmol). Uncapped and capped full-length transcripts yielded a labelled product that electrophoresed with Mr 33000 obtained by translation of viral genomic RNA (Burgyan et al., 1986 (data not shown) .
Transcripts at a concentration of approximately 200 ~tg/ml were mixed with 1 volume of inoculation buffer (0-05 M-glycine, 0-03 M-KzHPO4, pH 9-2; Heaton et al., 1989) and inoculated into the systemic hosts Nicotiana clevelandii and N. benthamiana (10 ~tl/leaf). Plants inoculated with transcripts developed symptoms 7 to 8 days after inoculation that were identical to those induced by the original isolate, i.e. chlorotic/necrotic lesions in inoculated leaves, followed by systemic distortion and crinkling. Leaf-dip preparations from systemic infections showed the presence of isometric particles that were clearly decorated (Milne & Luisoni, 1977) by an antiserum to CyRSV. The specific infectivity of RNA synthesized/n vitro was estimated by inoculating opposite leaves of Chenopodium quinoa in a random design with transcripts and known concentrations of viral RNA. The average numbers of lesions/~tg RNA/ leaf of capped and uncapped transcripts were 11 and 6, respectively, which was lower than the number induced by control viral RNA (62 lesions). RNA was extracted from plants showing symptoms as described . Samples were denatured with 50~ formamide at 65 °C for 5 min, electrophoresed in 1.2% agarose in 90 mMTris, 90 mM-boric acid, 1 mM-EDTA and stained with ethidium bromide or denatured with formamide and formaldehyde, electrophoresed in 1.2% agarose in MOPS buffer (20 mM-MOPS, 5 mM-sodium acetate, 1 mM-EDTA) containing 2.2 M-formaldehyde (Maniatis et al., 1982) and blotted onto nylon membranes (Amersham). Ethidium bromide-stained agarose gels of RNA extracted from systemically infected leaves showed the presence in inoculated tissues of a strong band at the position of CyRSV genomic RNA (Fig. 2a) . Northern blots were hybridized with two nick-translated (Maniatis et al., 1982) cloned probes: pCyR-7, representing the 3'-terminal 1000 nucleotides of genomic RNA , and pCS19, a partial clone of satellite RNA (Rubino et al., 1990) . Blots probed with clone pCyR-7 showed genomic and subgenomic RNAs typical of CyRSV infections (Fig. 2b, lanes 2  and 3) , whereas no satellite RNA could be detected with the specific probe pCS19 (Fig. 2c) . It has been shown that when satellite-free isolates of tomato bushy stunt tombusvirus were inoculated into N. benthamiana and into N. clevelandii the virus acquired satellite RNA in the former case but not in the latter (Gallitelli & Hull, t985) , This may not be the case for CyRSV, since both N. benthamiana and N. clevelandii remained satellite-free upon inoculation with in vitro transcripts of CyRSV genomic RNA. Moreover, no satellite RNA was found after four passages of the virus after the first infection with transcripts (data not shown).
The results of the present study show the potential of in vitro transcripts of full-length clones of CyRSV. This opens the possibility of studying the generation of defective interfering and satellite RNAs as well as mapping viral functions and understanding the role of specific sequences that control the synthesis of subgenomic RNAs.
